Background
Methods
In this secondary data analysis, we linked indicators of health facility readiness to provide antenatal syphilis detection and treatment from Service Provision Assessments (SPAs) and Service Availability and Readiness Assessments (SARAs) to indicators of ANC use from the Demographic and Health Surveys (DHS) to compute estimates of the 'likelihood of appropriate care'.
Results
Based on data from 5,593 health facilities that reported offering antenatal care (ANC) services, the availability of syphilis detection and treatment in ANC facilities ranged from 2% to 83%. The availability of syphilis detection and treatment was substantially lower in ANC facilities in West Africa compared to the other sub-regions. Levels of ANC attendance were high (median 94.9%), but only 27% of ANC attendees initiated care at less than 4 months gestation. We estimated that about one in twelve pregnant women received ANC early (<4 a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
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Introduction
Globally, an estimated 5.6 million new syphilis cases occur every year, including one million cases among pregnant women [1, 2] . Sub-Saharan Africa accounts for 63% of the global burden of syphilis in pregnancy, and the prevalence of antenatal syphilis seroreactivity ranges from 0% to 7.1% with a regional average estimated at 1.7% [2] . More than half of untreated maternal syphilis cases result in adverse pregnancy outcomes including stillbirth and fetal loss, neonatal death, prematurity or low birth weight, and neonatal infections [2, 3] . Studies have also associated syphilis in pregnancy with an increased risk of acquiring and transmitting HIV and perinatal HIV transmission [4] [5] [6] . Early detection and treatment of syphilis in pregnancy is well-recognized as an effective strategy to reduce syphilis transmission and adverse pregnancy outcomes due to syphilis. In endemic countries, antenatal syphilis detection and treatment can reduce the number of stillbirths by 82%, preterm births by 64%, and neonatal deaths by 80% [7] .
The World Health Organization (WHO) recommends syphilis screening at the first antenatal care (ANC) visit, ideally in the first trimester [8] . Antenatal syphilis screening has become simple, fast and inexpensive, even in settings with limited laboratory capacity, as a result of the development of point of care rapid diagnostics [8, 9] . Timely treatment of seroreactive pregnant women with an intramuscular injection of penicillin G can prevent transmission of disease and syphilis-associated adverse pregnancy outcomes [7, 10] . A recent meta-analysis found that syphilis screening and treatment during the first and second trimester of pregnancy compared to the third trimester reduced the risk of congenital syphilis by two thirds [11] . Despite the availability of simple diagnostic tools and highly effective and inexpensive treatment, screening and treatment of syphilis in pregnancy is not yet universal, and mother-to-child transmission (MTCT) of syphilis remains an under-recognized public health problem.
To address this problem, the WHO has called for the dual elimination of MTCT of syphilis and HIV [12] [13] [14] . Strategies are focused on ensuring sustained political commitment, improving access to and quality of maternal and newborn services, and universal screening and treatment of pregnant women and their partners [15] [16] [17] . Achieving elimination goals requires monitoring progress towards global targets on a range of indicators of health systems performance, from input indicators reflecting the availability and readiness of health facilities to provide essential screening and treatment, to outcome indicators reflecting rates of associated morbidity and mortality. However, routinely assessing progress towards elimination of MTCT of syphilis at national, regional and global levels has proved challenging, in part due to weak or non-existent routine health surveillance data reporting systems in many high burden countries. Despite the widespread adoption of policies for universal syphilis screening and treatment during pregnancy in many low-and middle-income countries, there is scant information on the availability, access to and coverage of antenatal syphilis detection and treatment. Several key indicators have been integrated within the Global AIDS Monitoring (GAM) system, and data from a number of countries are available through the WHO Global Health Observatory [18, 19] . However, with limited data, tracking progress in the implementation of antenatal screening and treatment has primarily relied on modelling, and focused on estimation of the burden of disease [2] .
Health facility surveys, complemented by household surveys offer an alternative approach to gain valuable insight on the availability, quality and uptake of reproductive, maternal, newborn and child health (RMNCH) interventions including antenatal syphilis detection and treatment [20] [21] [22] . Health facility surveys assess supply-side factors such as the availability of health services, essential medicines and commodities and human resources for health. Household surveys provide information on demand-side factors contributing to the universal coverage of essential health services. Linking household surveys to health facility surveys has been used to estimate population-level coverage of health interventions, particularly facility-based interventions not amenable to tracking by household surveys alone [23, 24] . The framework of the linking approach addresses the need to consider both supply-side and demand-side factors driving coverage of health services. In this paper, we link household surveys and health facility surveys to assess the readiness of ANC facilities to provide syphilis detection and treatment to pregnant women and estimate the likelihood of appropriate care for syphilis detection and treatment across 12 sub-Saharan African countries. Based on our findings, we identify barriers to the implementation of antenatal screening and treatment of pregnant women and highlight opportunities to improve strategies for the elimination of MTCT of syphilis in sub-Saharan Africa.
Methods
We conducted a secondary analysis of supply-side data obtained from two types of nationally representative cross-sectional health facility surveys, the Service Provision Assessment (SPA) and the Service Availability and Readiness Assessment (SARA). Both surveys use standardized data collection instruments to provide measures of availability and readiness of health facilities in a given country to provide essential services across several program areas including ANC. The availability of staff, guidelines, equipment, diagnostics, medicines and commodities is based on self-report and direct observation and verification. Further details on the sampling methods and survey procedures are available from final country survey reports [25, 26] . This analysis focused on 12 countries in sub-Saharan Africa with a recent health facility survey, conducted between 2010 and 2015, and a household survey within +/-2 years. Where multiple health facility surveys were available for the same country, the most recent survey was used. The 12 countries that met the inclusion criteria represented 4 sub-regions: Central Africa (Democratic Republic of Congo), East Africa (Kenya, Malawi, Tanzania, and Uganda), Southern Africa (Zimbabwe) and West Africa (Benin, Burkina Faso, Mauritania, Senegal, Sierra Leone and Togo). In 2012, the estimated number of pregnancies that occurred in these countries ranged from 122,246 in Mauritania to 3,036,898 in the Democratic Republic of Congo ( Table 1 ). The total number of pregnancies with probable active syphilis infection was almost 200,000, representing 36% of the estimated burden in sub-Saharan Africa in 2012 [27] .
To track progress in the implementation of antenatal syphilis detection and treatment we used a 3-step process. First, based on data from the health facility surveys, availability of syphilis detection for a given country was calculated as the percentage of health facilities providing ANC with observed availability of a rapid diagnostic test (RDT) on the day of assessment. Given WHO's push for point of care diagnostics, in this study, facilities referring ANC clients or send blood samples elsewhere for screening were considered as not having syphilis screening available. The availability of syphilis detection and treatment was calculated as the percentage of health facilities providing ANC services with both a screening test for syphilis and treatment (benzathine penicillin or procaine penicillin, needles and syringes in stock).
Second, we analyzed demand-side data from publicly available nationally representative household surveys conducted as part of the Demographic and Health Surveys (DHS) program [29] . Information on patterns of antenatal care seeking for the most recent pregnancy, including where ANC was sought, when the first ANC visit occurred, and the ANC components received, is typically collected from women 15-49 years who gave birth in the 5 years preceding the survey. For this analysis, the household survey reference period was restricted to the three years preceding the survey. To reduce temporal misalignment, the estimation of the likelihood of appropriate care was only conducted for countries with a DHS conducted within (+/-) two years of the index health facility survey. No DHS was available within the required time frame for Burkina Faso and Mauritania. For the remaining 10 countries with a corresponding DHS within two years of the index health facility survey, we estimated the percentage of women who had a live birth in the three years preceding the survey who had at least one ANC visit with a skilled provider (ANC1+) and who had the first ANC visit at less than 4 months gestation.
Third, estimates of the likelihood of appropriate care were calculated by multiplying indicators of service utilization (ANC1+ and timing of first ANC visit) by indicators of health facility readiness at the stratum level. As service utilization and health facility readiness vary within countries, linking was conducted at the stratum level which was defined by health facility type (e.g. health post, health center and hospital) and managing authority (public/non-public). As women who attended multiple ANC visits can report multiple sources of ANC in the DHS, we made the simplifying assumption that these women sought care at the highest level of facility type reported. The estimates of likelihood of appropriate care for each country were disaggregated by timing of the first ANC visit (categorized as <4, 4-6, !7 months). Women who attended at least one ANC visit at a health facility with syphilis detection and treatment available were classified as having a high likelihood of appropriate care, while those who sought ANC at a health facility with only syphilis detection available were classified as having a moderate likelihood of appropriate care. Women who sought ANC at a health facility that did not have the necessary diagnostics in stock were classified as having a low likelihood of appropriate care due to low health facility readiness. All other women did not seek any ANC and were considered classified as having no likelihood of appropriate care. This classification formed the basis for our identification of three bottlenecks in the implementation pathway of antenatal syphilis detection and treatment: access, timeliness, and health facility readiness. All analyses were conducted at the country level and took into account the sampling design (survey-specific stratum, cluster and sampling weights). Because of important differences in epidemiological and programmatic context, we grouped country-specific results by subregion. All analyses were conducted in STATA 14.2 (College Station, Texas).
Results

Availability of syphilis detection and treatment
A total of 6,991 health facilities were sampled in the 12 sub-Saharan African countries during 2010 to 2015; health facility survey sample sizes ranged from 95 (Uganda) to 1,555 (Democratic Republic of Congo, Table 2 ). A subset of 5,593 health facilities that reported offering ANC were included in this analysis. Diagnostic capacity for syphilis at health facilities offering ANC varied across countries, ranging from 3% in Burkina Faso to 92% in Zimbabwe (Fig 1) . In general, diagnostic capacity was lower in health facilities in West Africa relative to the other sub-regions (range 3% -15%). By and large, most health facilities with diagnostic capacity also had syphilis treatment available (range 44% -98%). However, in DRC, while 72% of facilities offering ANC had syphilis detection available, only half of those also had treatment available.
Timing and coverage of antenatal care
Across the 12 countries, nearly all pregnant women made at least one ANC visit (median 94.9%; Table 2 ). Benin, Democratic Republic of Congo, Kenya, Togo and Zimbabwe had ANC1+ coverage below 95%. The drop off in ANC attendance from coverage of at least one visit (ANC1+) to coverage of 4 or more visits (ANC4+) ranged from 18 percentage points in Zimbabwe to 62 percentage points in Burkina Faso. There were also substantial differences in the timing of the first ANC visit, with the median months of gestation at first ANC visit varying from 3.6 months in Senegal to 5.8 months in Kenya. While the recommendation is that all Implementation of antenatal syphilis detection and treatment in sub-Saharan Africa pregnant women are screened for syphilis during the first ANC visit in the first trimester, the percentage of women attending the first ANC visit at less than four months was low in all countries, with considerable variability (median 27%; range:13.5% -57.8%; Table 2 ). For example, in Malawi, while 99% of all pregnant women attended at least one ANC visit, only 23.8% attended ANC early enough to experience the maximum benefit of treatment on the risk of adverse outcome due to syphilis.
Likelihood of appropriate care for syphilis detection and treatment
Based on the linking approach, we estimated that across countries one in twelve women received ANC at a facility ready to provide syphilis detection and treatment during the first three months of pregnancy (high 'likelihood of appropriate care'; median 8%; range: 7% -32%) (Fig 2) . If only the availability of syphilis detection was considered (high and moderate 'likelihood of appropriate care' combined), then one in ten women received ANC during the first three months of pregnancy at a facility ready to provide syphilis screening (median 10%; range: 7% -35%). Among women who received ANC at a facility ready to provide syphilis detection, one in eight initiated ANC after the first six months of pregnancy (median 12%; range: 3% -28%). Due to delayed ANC seeking, these women may have missed the opportunity to receive the maximum benefit of early syphilis detection and treatment. Additionally, among women who initiated ANC in the first six months, more than half (median 54%; range 7% -79%) missed the opportunity to be screened for syphilis as a result of low health facility readiness (i.e. no availability of syphilis RDTs).
Discussion
Despite the widespread adoption of antenatal screening and treatment of syphilis as the main strategy for the prevention of MTCT of syphilis, we found suboptimal implementation strength across 12 sub-Saharan African countries. The global campaign to eliminate MTCT of syphilis has targeted achievement of at least 95% on three process indicators: coverage of ANC1+, coverage of syphilis testing of pregnant women and treatment of syphilis-seropositive pregnant women [16] . Using our approach linking supply-side data from health facility surveys and demand-side data from household surveys, our estimates of the percentage of pregnant women who received early ANC at a facility with a syphilis RDT and penicillin treatment available (high likelihood of appropriate care) fell well below 95% coverage target (range 7% -32%). We identified three bottlenecks in the implementation of appropriate syphilis detection and treatment during pregnancy: access, timeliness, and health facility readiness. ANC is a key platform for the delivery of evidence-based RMNCH interventions. Access to ANC has improved in recent years [30] . Notably, 6 out of the 10 sub-Saharan Africa countries with recent surveys in this study had attained ANC1+ coverage levels above the 95% target. However, recent evidence suggests low coverage of ANC interventions resulting in substantial missed opportunities to provide quality health services [21, 31] . With respect to antenatal syphilis screening and treatment, the timing of the first ANC visit makes a significant difference on the risk of adverse pregnancy outcomes due to syphilis [11] . In this study the median gestational age at first ANC visit ranged from 3.6 months in Senegal to 5.8 months in Kenya. The timeliness of ANC was identified as a bottleneck in the implementation of appropriate syphilis detection and treatment. Between 25% and 85% of pregnant women did not seek ANC until 4 months or later. To fully benefit from the early detection and treatment, there is need for effective strategies to promote early ANC initiation.
Health facility readiness was another major bottleneck. Across countries, a median of 54% of pregnant women who sought ANC in the first six months could not access syphilis detection and treatment due to inadequate supply of syphilis tests and treatment in ANC facilities, representing substantial missed opportunities for the delivery of high impact interventions to pregnant women seeking ANC early. The low availability of syphilis detection and treatment to ANC attendees identified in this study supports the findings that improving access to ANC does not guarantee the delivery of quality RMNCH services [21, 31, 32] . The availability of syphilis tests and treatment at health facilities across sub-Saharan Africa was sub-optimal and varied by country. For instance, in Zimbabwe, syphilis tests and treatment were available in most facilities offering ANC (83%). By contrast, syphilis tests and treatment were in low supply in ANC facilities across West African countries (Benin 10%, Burkina Faso 2%, Mauritania 4%, Senegal 12%, Sierra Leone 5% and Togo 13%). This difference in health facility readiness may reflect relatively lower burden of syphilis, poorer health infrastructures and few health system resources in West Africa [33] . The difference may also be explained by increased attention due to higher burden of HIV and the integration of syphilis interventions into existing ANC and prevention of MTCT of HIV programs in Zimbabwe and other countries in Southern Africa [12, 34] . There are too few Southern African countries to systematically assess this explanation. However, UNAIDS estimates of HIV prevalence in 2012 for the 6 West African countries ranged from 0.6% -2.6% compared to 15.1% for Zimbabwe and 5.9% -10.3% for the 4 East African countries [35] .
Greater efforts are needed to strengthen implementation, improve the quality of RMNCH services and accelerate progress towards elimination of MTCT of syphilis. Continued efforts to routinely measure and track progress in universal screening and treatment of syphilis during pregnancy and more broadly, key RMNCH interventions are needed [23, 24] . The inclusion of indicators for syphilis in pregnancy using a unified system such as the UNAIDS GAM system is an important step to support routine reporting and the collation of data from surveillance systems in low-and middle-income countries. While efforts should be made to establish and improve surveillance systems in the long term, the expansion in geographic scope and frequency of health facility surveys such as the SPA and SARA can provide information to fill crucial data gaps. Health facility surveys are useful for monitoring and addressing deficiencies in the availability and quality of service provision [36] , and linked with household surveys can facilitate the estimation of coverage of interventions and identification of implementation bottlenecks [20, 21, 23, 37] .
There are several limitations to this analysis. First, the definition of high likelihood of appropriate care used was the percentage of women who attended ANC in the first three months at a facility with syphilis detection and treatment available. While the availability of basic amenities, equipment, diagnostics, medicines and commodities is a prerequisite for the delivery of antenatal syphilis screening and treatment, it does not guarantee receipt of care. Information on the receipt of syphilis screening and treatment is not typically available, therefore our estimates may overestimate 'true coverage'. We did not account for factors such as provider knowledge or other health system factors that may hinder the actual receipt of interventions. Estimates of the likelihood of appropriate care are likely biased upwards. Second, the present analysis linked nationally representative household surveys and health facility surveys covering different survey reference periods. The availability of medicines and diagnostics can vary dramatically over a short time period due to the complexity of logistics, availability of penicillin, and seasonality. While the present study did not assess drug stock-outs, several countries in sub-Saharan Africa have experienced stock-outs of benzathine penicillin [38] . Therefore, while data from health facility surveys may be representative of health system at one point in time, such data may not represent the current state. More periodic health facility surveys can provide timely information necessary to guide national and sub-national policy and program prioritization; health facility surveys need to be conducted in more countries and at more regular interval. Most of the health facility surveys included in the present analysis represent East and West Africa. Findings from this analysis should be not be considered as representative of sub-Saharan Africa, but rather as evidence to guide the ongoing campaign to end MTCT of syphilis. Lastly, the effectiveness of syphilis treatment during pregnancy is not a dichotomous variable. While the effectiveness of treatment decreases with increasing duration of pregnancy, treatment later in pregnancy is known to have some effect on health outcomes. The greatest effects on the prevention of congenital syphilis are observed when given before approximately 21-24 weeks [7, 39] , when the fetal immune system is still immature and has not yet developed an (adverse) response to the syphilis infection [40] . Evidence of the population-level effectiveness of syphilis screening and treatment by duration of pregnancy is currently limited to a meta-analysis which compared the effects during the first and second trimester of pregnancy compared to the third trimester [11] . In our study, we defined timeliness as the first visit occurring before 4 months since treatment of syphilis as early as possible in pregnancy is highly desirable. As women who attend ANC after the first three months of pregnancy could still benefit from screening and treatment, findings were disaggregated by timing of first ANC visit.
This study suggests low levels of availability of antenatal syphilis screening and treatment across 12 sub-Saharan African countries, albeit with wide variability in progress towards the elimination of MTCT of syphilis. Deficiencies in access, health facility readiness and timeliness of ANC identified represent opportunities to improve the coverage and quality of syphilis detection and treatment to pregnant women. Progress towards the elimination of MTCT of syphilis depends on sustained high levels of ANC uptake, improved timeliness of care-seeking, and increased availability of syphilis detection and treatment at health facilities across subSaharan Africa.
